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(54) A method for preventing electroplanting of copper on an exposed surface at the edge 
exclusion of a semiconductor wafer 

(57) A method for forming a copper interconnect 
(54) begins by depositing a barrier layer (48). An inter- 
mediate layer (50) is formed over the barrier layer (48) 
by exposing the barrier layer (48) to a plasma silane 
environment. The layer (50) is conductive when depos- 
ited so that contact resistance is not affected. The 
layer(50) is insitu covered with a copper seed layer (52). 
The layer (52) is not formed in an edge exclusion region 
(20) thereby exposing a portion (50a) of the layer (50). 
This portion (50a) will natively oxidize in a room ambient 
to form a copper electroplating prevention barrier 
whereby copper will not electroplate in the region (20). 
Therefore, the region (50a) prevents banier-to-copper 
interfaces to avoid delamination of the copper while pre- 
serving the edge exclusion region desired for copper 
electroplating. 
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Description 

Field of the' Invention 

The present invention relates generally to semipon- 
ductor manufacturing, and more particularly to, prevent- 
ing adverse copper electroplating at the edge .of a 
semiconductor wafer. ; > ; ; 

Background of the Invention 

In the integrated circuit industry, copper intercon- 
nects are typically utilized to connect one electrical point , 
to another electrical point along the surface of a semi:! 
conductor wafer In order to form these copper interconr 
nects, a copper electroplating process is ^ typically ;: 
utilized to form a blanket,copp<?r.Jay,er over the wafer 
This blanket copper layer is thetn chemical ly-mechani-., 
cally polished to form the copper interconnects within 
trenches previously etched in dielectric material. .Hew- ^ 
ever, conventional blanket copper electroplating causes, 
some adhesion problems at the periphery of the serni- 
conductor wafer which increases particulate probiems 
and reduces yield v ^ 

As an example. FIG. 1 illustrates the prior art cop- 
per electrc^lating operation. In FIG. ^1. a ba^. layer 11. 
or substrate 1 1 is provided. The base layer 1 l .contains 
the semiconductor wafar along with any dielectric ^arxJ 
conductive layers needed over the semiconductor, wafer 
to form active electrical devices. In orde^. to connect 
these electrical devices to each other, a barrier layer 13 
is first formed over the substrate 11. The barrier. layer 1 3 
prevents subsequerrtly-formed copper ^regions frorn^ 
adversely affecting underlying .serTiicpnductor^^r,and^ 
metallic regions. Overlying the ban-ier layer 13 is forrried 
a seed layer 15. It has been found in the art that the, 
seed layer 15 should be separated.frern the edgs ,of the 
substrate 1 1 by an edge exdusiori distance. 20 as illus- 
trated in FIG, 1. The edge.exclusion region 20 is utilized 
for the electroplating operation to avpidrscrjfie wafer 
edge-effect prot>lems. but the,edge exdusipn also cre- 
ates some rnaterial interface problerns- w . ^^.^^ . 

For example, if seed layer .lS yyere to ext^nd.to th? 
very edge of the water 1 1,:then the copper. electroplat- 
ing operation would result in . copper materia! vferming 
beyorxS the edge of the wafer and potentially, dofwn a 
sidewall of the wafer. This additional sidewa!! mate^^^ 
cannot be removed by converitipnal chemrcaLetchirig,or 
mechanical polishing. This peripheral copper .formation 
would thereby create sidewall abnormalities that could 
result in damage to the: water or the inability pf the water 
to be properly processed within semiconductor equip- 
ment. Therefore, the seed layer 15 is separated from the 
e-dge of the water 1 1 via the exclusion region 20 to avoid 
these problems, but creates yet another problem dis- 
cussed below, V ^ ; . - r - ^ ; 

After formation of the seed layer, the seed liayer 1 5 
is expoised to a liquid electroplating bath whereby a cop- 



per layer 1 7 is electroplated not only from the seed layer 
15 but from exposed portions of the barrier layer 13 in 
the edge exclusion region 20 as illustrated in FIG. 1. 
The seed layer 15 will electroplate copper more effec- 

5 tivejy than this barrier layer 13 thereby riBsulting in the 
edge exclusion copper topography illustrated in FIG. 1 
for the copper layer 17. Note Itiat due to the exclusion 
regiorj, copper region 17 is now in direct contact with a 
barrier region 13. 

10 , ,As illustrated in F^IG/2, adhesion b^ a copper 
layer 17 arid a typical barrier layer 131. such as titanium 
nitride (TiN). is extremeily poor. Therefore, when copper 
17 is in , contact with the . barne^ in the exclusion 
region 20, as illustrated in FIG. 2, flaking or peeling 19 

15, between the cppper 17 and the barrier 13 is inevitable. 
This jiakirtgi delamination, or peeling id between the 
cppper.1 7 and the barrier layer 1 3 in the edge exclusion 
region 20 reduces the yield bf semiconductor deviceis 
and creates particulate prqblenTS in processing cham- 

20 bers. p evipe yield along the periph ery of the wkf er is 
irhpacteb mok pro ; 

. .Therefore, a need exists for a cdpp'er electrdplating 
process wfiicii preyerits^^^ of copper oh ah 

exposed, edge (exdusio^^^^^^ of a semidorTductor 

25 wafer whereby barrier materiaris not plabed in contact 
with electrppi^ , ' 

Briel Description pf ttie Dra 

30,. FlG/J iljuW in a cross sectional diagram, a 

pjioT jsurX nieX^ on a senriicbn- 

diiic^ww^^ .r'V..'., 

, ;rFlG. _2 illustrat^'. in diagram, a 

prior^art prdble^^ «jgW'exclu^^^ or delamina- 

35 tqnytM\ch reduces int^raited circuit yield and increases 

particle protiennis in p^dces^ihg cha^ : : 
FIG, 3 illustrates, in a cross sectional diagrahi, a 

semiconductor wafer in accordance with the present 

invention.., ^ 

40 ; ^ FIGs/ 4 -7 ilN^^?^^ diagrams, a 

methpd for fbrrhirig^an impro^ Exclusion region 

fpr?use with^^^^^^OT which avoid or 

reduces prior .artdelamfhatibn 'p^ in accordance 

v^tljife present i^^^ [ 
45 J^/FI<3,, .8 illustrates, in a cross sectional diagram, a 

^ic»L.integrated circuit port which^is fibricated in 

accwd 

fcwji! be appreciated thkt tor sinrpiicity arid clarity of 
iljustr^o^^^ iri the JFIGURES have 

50 not nec*5ssariiy been drawn to scaie.' For example, the 
dirnensions of sorriie of ; the elements are exaggerated 
relative to Qther d ernenfe fdr^ ^ Further, where cbh- 
sidered. appropriaiWJ refer^^^^ numerals havie been 
repeated a^ the F IG U RE S to j ndicate correspond- 

55 ing or analogous elemefitSr ' '^ 



2 



3 



EP 0 878 834 A2 



4 



Description of a Preferred Erribodi merit 

Generally, Ihe present invention involves forming, a^n, 
intermediate layer betvyeen a tttaniurn nitride (TIN) bar- 
rier layer and a copper seed layer. The intermediate 5 
layer is an oxidizable conductive layer which is selec- 
tively oxidized to prevent copper electfoplatihg op an 
edge exclusion of a silicon wafer (i.e.. a periphery of the 
semiconductor wafer) . The copper seed is then used to 
form a thicker layer of copper yia electroplating in order io 
to form dual inlaid (i.e.. Damascene) contacts. The 
intermediate layer serves ari important function. The 
intermediate layer between the TiN barrler arjd the cop- 
per seed layer will have a first portion ar^ a second per- 
tlon The first portion will lie oyer the exclusion region;; is 
and be ambient-exposed for oxidation While the sfeconid 
portion underlies the copper seed and rerhained ^o^^^^^^^ 
ductiye/ semlconductive; . . .„ . ' '7^' ,' 

Therefore, the intermediaie^layer fs a sefViicdnduC-" 
five or conductive layer which will not subjs^^ 20 
increase or adversely affect con^i:;t res 
the dual in-laid contact, while expp^^^ portipris'of the 
irrtermediate layer vyiihipjH^^^edpe i-egion 20 

are readily oxidizable in a rpbm ambierrt Which cdritaiiis 
oxygen. It is this oxidized pbrtibn wHich proyide^^^ 25 
electroplating prevention in the exclusion r^giori 20. The" 
selective prevention of ccpRer electroplatirig witht^ 
exclusion regions 20 provides ah improved enibbdiment 
over the prior art erribodiment of FIGs. 1 :2., By avpifling 
electroplating of coppe/jn;.tl:je .(^^ 36 
copper within the dual in^d iinieroonned'w^^^^ 
directly connectirig titanium, nitricle within^ 'm 
exclusion r^ion 20 as^M^ir??®^^ 
peeling 19 pf plG^^S w^^ 

substantially avoidecf^^usiri^ th^' prdcesi'' deicribed 3S 
herein. .. --r,--, - 

. , file irrvehjiojn can Si^ iiicfcer uniierstocid wil^i refer- 
ence to FIGs, 3-8. " ~ " , ' 
, FIG. SJIIustrate^Bsernicpnduct^ substrate JQ.^^ a 
preferred form,, the sen?^^^^ 
con wafer. JHqwW^^^^^ 
be utilized fpr flat painel^isp^ 

(MCMs), other semiconductor wafer s^^^^ 'ai '9^ rnna- 

nium waferst , and. gallium arsenide wafer,\Sr^d1i^ 

strate materials,; in, the most preffefr^^ 

semiconductor substrate, ip cp 

12 which is substantially ^rcular'^n sha^ 

circuits 14 are forrned overlying semicbSbUctor 

water 1 2 as illusfrated in F^iGrS^.^ fine jiiitegrat^ d^^^^ 

die 14 of fig; 3 ar^ ^m OTei'air^ 'so 

sccibe iines 16.. Scribi^ tjries 16 are pr^^eht's^ 

integrated^ circujts . 14 jl;^o" be segmehtbd frOT 

another to form a plur;^ity;.pf a^^^ 

cuits'l4 which are then subseguerrtiy.p^^ 

sumer use. " ' ' ' " * 

Around a circular periphery of the water 12 is an 
exclusion region 20. The exclusion region 20 identifies a 
periphery portion of the water wherein the copper elec- 



troplating should not occur in order to improve inte- 
grated circuit yield by avoiding the problems identified in 
FIGs. 1-2. This edge exclusion portion is magnified and 
illustrated via FIGs. 4-7 herein to illustrate the specific 
process by which copper electroplating in an edge 
exclusion region 20 is either reduced or completely 
elihiinated whereby integrated circuit yield is improved. 
Furthermore, FIG. 8 illustrates a magnified portion of an 
integrated circuit device 14, as identified in FIG. 3, in 
order to illustrate the internal contents of a typical IG 14 
which is formed via the edge exclusion process taught 
in FIGs. 4-7. All of the functional integrated circuits 1 4 of 
FIG. 3 lie within a central portion 18 of a semiconductor 
wafer 12 whereby the lack of electroplating occurring 
within the exclusion region 20 will not support functional 
integrated circuit (IC) formation. 

FIGs. 4-7 illustirate a magnified view of the edge 
exclusion region 20 and a portion of an integrated circuit 
(iiS) portion 14 identified in FIG 3. FIG. 4 illustrates that 
an inter-level dielectric (ILD) 30 is formed. Typically, the 
inter-level dielectric (ILD) 30 is a tetraethylorthosilicat 
(TECS) layer. This layer 30 is lithographically patterned 
and etched usirig cbrrventibnal techniques in order to 
form vias and/or trenches. The vias and/or trenches can 
form borwerTtionar iriterconnect structures or dual in-laid 
structures as taught herein in FIGs. 4-7: Therefore, con- 
ductive interconnects and/or conductive contacts 28 are 
fbrmed Wimiri opening of the inter-level dielectric 30 in 
order tblbrrh a fii^t rtietariic interconnect layer. Note 
than one oir rhbre local interconnect layers, such a poly- 
silicoh or tungsten, nriay underlie the layer 28. Typically, 
th^ iritercdrinect 28 is formed from copper as taught 
hfei-ein iri FIGs. 4-7. However, the layer 28 may be 
fbrnried from- aluininum, aluminum-copper, aluminum- 
silibbh^dpper/ silver, gold, or any other like metallic 
dindiuctlve ma1?erial or composite thereof. - 
^ After fbrmat'bn of the metal interconnect 28, one or 
more Int^rileverdielectFiG (ILD) layers 26 are forhied as 
iiltiitrat^ in F^G. 4. A dual iri-Jaid structure is etched 
within thtfihterilevel dielectric 26. The dual in-laid struc- 
ture cdn^aihs trench portions 22 and via portions 24 as 
illustrated in FIG. 4. The viai portions 24 are, in most 
dwices. a plurality of via portions separated from one 
ariotfier along tiie semiconductor wafer. Multiple vias 
are ^heeded-'fe make electrical^ contact to one or more 
undferiyihg conductive interconnect regions such as 
re'gfon 28 of FIG. 4. The separated and segmented 
regions 24 dispelled across the wafer to contact vari- 
btis- underlying conductive regions are interconnected 
selectively to one another viia the trench portions 22. 
Together fine trench portions 22 and via portions 24 
fornn the one or more dual in-laid structure over the sur- 
face of We wafer 

In a preferred form/the :region 26 is; formed by first 
depoisitihg a plasma enhanced nitride (PEN) passiva- 
tion layer over the top of layer 28. This PEN Iayer:(not 
specifically illustrated iri FIG. 4) is then followed^ by a 
first TEOS deposition to fdrm a TEOS region laterally 
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adjacent to the opening 24. Then, an etch stop layer 
(not specifically illustrated in FIG. 4) is typically formed 
above this first deposited TEOS layer in order to allow . 
for easier etch processing when forming the different 
regions 22 and regions 24 of FIG. 4.= This etch stop 5 
layer, would reside at or near the interface between^the' 
opening 24 and the opening 22 if specifically iHustrated 
in FIG. 4. After formatiori of this etch stop layer, a sec- 
ond TEOS deposition is used to form the TEOS material 
which is laterally adjacent the dperjing or trench 22. in w 
FIG. 4. ■ ■ • 

Typically, a thickness of the TEOS layer 30 and the^ 
first metallic layer 28 lis roughly 4000 - 5000 angstroms 
in thickness. The entire layer 26 in FIG. 4 is typically on 
the order of 1 3,000 ang%tr6hlsi with the via portion being 15 
roughly 8000 angstroms in depth arid tfi'e trench portion ' = 
22 being roughly 5000 angstroms in depth. The open- 
ings 22 and 24 are processed by conventional TEOS - 
etch technology such as the use of plasma CF4 and - 
CHF3 processing^ ' ' ^ • < 20 

FIG. 4 ^also clearly illustrates the edge exclusion 
region 20 as previously illustrated in FiGs. 1-3. In a pre- 
ferred form, the edge exclusion region 20 is 2mm. in 
width and surrounds an outer peripheral surface of the 
circular wafer 12. HoweVer, the edge exclusion can be^ 25 
altered in thickness around an oplimai vvidth of 2mm so 
that edge exclusion regions of roughly 1mm to 3mm or 
more will be fully functibna!.' ' ' : ^ . 

FIG. 5 illustrates that a barrier layer 48 is deposited 
over the inter-level dielectric 26 and within the dual 30 
inlaid contact openings 22 and 24. In a preferred form, 
the layer 48 is a titanium nitride (TIN)' layer which is : 
formed by chemical vapor deposition (CVD). In yet \ 
another form, the layer 48 may be a composite barrier • 
which comprises a titanium nitride (TiN)' portion. For 35 
example, the layer 48 may compi-ise titanium-tungsten, : 
a refractory silicide. tantalum nitride; tantalum^ilicori - 
nitride, or like barrier layers in addition; to or in lieu of the 
TiN layer 48. In a preferred fbrmrlayer 48 is roughly 200^ 
angstroms in thickness, however, this thickness can be 4o 
altered while still rendering a functional device. ' : ' :^ 

Overlying the barrier 48 is formed an intermediate^ 
layer 50. Intermediate layer 50 is formed by placing the 
semiconductor wafer in a vacuum environment and 
exposing the semicondudbr waf er to a • silans "(S!H4) 45 
plasnria: The siiahe plasma is generated in a high den- 
sity plasma chamber, such as an Applied Materials 
Centura cfiamber, utilizing a chamber power of roughlyj 
100 Watts. The heater wrthin the chamber is set-to 
roughly 450°C whereby the- substrate/wafer tempera-; so 
ture is roughly 360''C.Silahe is flowed into the chamber 
at a rate of roughly 10 ccm at a chamber pressure of - 
roughly 1 Torr. In addition to the 10 ccm silane flow,, 
roughly 600 ccms of Argon flaw is used as an inert car- 
rier fcr the silane: This exposure of the barrier layer 48 55 
to a silahe plasma is very brief in time and is typically on 
the' brder of roughly one second in duration. This short 
expo^urie to a silane plasrha will- form a thin (e.g., 



roughly 2 angstrom to 20 angstrom) silicon comprising 
film 50 on the surface of the barrier layer 48. 

Specific processing parameters used to form the 
layer 50 are described hereinabove. However, it should 
be understood that the preferred pressure of 1 Torr can 
be altered between 1 mTorr and atmospheric pressure 
(prefei-ably between 100 mTorr and 3 Torr). The pre- 
ferred temperature of 450**G can be varied between 
room- temperature and 500°C. :The flow rate : of silane 
can be changed between 1 ccm and 500 ccms with the 
Argon flow changing accordingly. Typically, the ratio of 
silane to Argon is on the wder of 1 .50. The time of expor 
sure, as taught hereinabove, can be set to a time dura- 
tion between a fraction of a second and several 
seconds. - . : 

The resultfng intermediateJayer.SO on , the surface 
of the barrier layer 48 is a silicon^ontaihing material. 
Initiallyr the^layer SG' is formed as preferably a 6 ang- 
strom thick Silicon (Si) layer. However, the silicon layer, 
. under certain ambient.conditions,: will quickly react with ^ 
any refractory metal, such as titanium . contained within 
the barrier layer 48, Therefore, the 6 iangstroms of sili- 
con deposited on the surface, on the wafer to form the 
layer 50 from the silane-plasma^^may be either: (1) a 
compJets layer of unrsacted silicon; (2) a. composite of 
silicon arxj a refractory silicide formed from reaction 
with layer 48: or (3) may be an. entirely consumed silicon 
layer whereby:layer 50 is an entire refractory silicide 
material. In any event, silicon from the silane plasma 
adheres to the barrier layer 48 to form a very thin 2 to 20 
angstrom (preferably 6 angstrom), layer 50 which corn- , 
prises silicon:: ^toms and is at Jeast . semiconductor iri 
resistivity '.:\^- -,-ov>'. ; ,1 .r-.-r ; .-^ . 

r^tt should be noted' thatv.^^^^^ layer 50 can be , 
dc^sd with one or niore,pf boron, phosphorous, arsenic, 
anditor. liks ;Si-compa^b!e ;d.ppant atpms; \n order to ^ 
changethe resisti\dt^vof thiSithin layer 50. TJiere the , 
conductivity of the layer 50 can be controlled so that the 
resistive effects orircontact resisjtance are negligible. In 
any event, ever^^without^Si doping, the, layer ^5^ is typi- 
cal ly.thin. enough arsd typica!Iy silicided enough to have, 
a : negligible. ^ or unmeasurable/ effect ori the contact 
resistance of Darnascene structures. Notice that, the 
intermediatejayer 50 is formed both in the central por- 
tion 18 of the wafer and the edge exclusion portion 20 of 
the wafer to €!ntifely„ cover the barrier layer;48.. 

: In i other errtoodimente. . the silane. plasma used 
hei-etn can be replaced with a different plasma or a sput- 
ter process: sucHthat^he layer 50 iCan be forrped by one 
or more of : msgnesium, gerrnariium, aluminum, or a like 
corKluctive material or composite thereof. In a preferred 
form, a layer sejectedifprtuse as, the jnternnediate layer 
SO. shouId. be-a conductive cr senfiiconducnive materi 
when deposited iSO that; the jayer 50 does not adversely : 
effect contact resistance. Hoyveyer. the niaterial used.tp: 
form layerrSO should ajso be readily-oxidtzed.un^^^^^ , 
cif ic .environmental : constraints or inert Jo frie subse-. 
quent copper elect-Gplating process (see FlGv 7). 
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FIG. 6 iliustrates that a copper electroplating seed 
layer 52 is formed over the surface of the water'12. This 
seed layer 52 is formed within the central portion:o1 the 
wafer 18 but is formed so that it- does not overly, the . 
edge exclusion portion 20 of the water as shown in :FIG. 5 
6, In a preferred form, especially when the layer 50 is 
formed of a material that is readily oxidizable -when 
exposed to oxygen, the iayer 52 and the Jayer 50 are 
formed insitu to one another within a same chamber, 
without breaking vacuum (e.g., a cluster tool is- used to 10 
deposit both layer 50 and 52 without the need to break 
vacuum). This is done to prevent the portion of layer 50 
which lie within the contact openings 22 and 24 from 
oxidizing arid thereby increasing the contact resistance: - 
In a preferred form, layer 52 is a layer of copper forme?!^. : ,5 
by physical vapor deposition (RVD). Jhe.physical vapor 
deposition (PVD) used to.form the layer 52 is typjcally 
collimated in a =1:1 ratio. The thickness of the layer ,5? - 
varies between roughly 1000 angstroitB and. 4000 lang-, 
stroms depending upon varying process constrairits 20 
(contact aspect ratio and thermal constraints) and IC 
product types. The layer 52. due to its PVD-fofmation.iis 
slightly nonconformal as'iUustrated in FIG. Si.Tlie layer 
52 can also be deposited by any^other method such as 
CVD, high density plasma processing, sputtering.: and .25 
the-like.'' ■ ■ * '--.'^ . , ■"\ ^ "-ii^ 

After the copper seed layer 52 is formed overlying^ 
the intermediate layer 50, the wafer is removed from the. 
vacuum environment arid expdsed to an ambient^ The 
ambient nnay either be a cleanroom ambienf or it hnay be 30 
a thermally oxidizing aittoieht-which is' provided briefly 
from a thermal growth processing chamber.: In .either ; 
case, exposure to any level of oxygen will result irr sbnrie 
native oxidation of expdse^d portions of the iritermediate 
layer 50. In rinany caseis, thife^native oxidation alone will 35 
be enough to ehtiriBly cdnsiumer ex^ of the 

layei^ 50 whereby %e*s»ic6ri'irt th€^:e^ 
the layer 50 form SiOx-"^^^ - - ' ' 

FIG. 6 illustrates that ttfe edg^-exctusion Fegion.:20r 
contains expbsed pbrtfohs of tHe inter mediate layer 50- 40 
whei^eby' this jiortioh lof the' iriterrtifediatte layer 50; is 
readily oxidized eith^ via a n^Etive mechanism or- 
by a thermal oxide step to forhi'an oxide tegibn 50a from 
layer 50. If the region 50 is formed ^via exposure toi^ : 
silane plasnia, the region SOa is a silibon oxide usually : 45 
of the .form SiG2. Therefore, In FIG.iS; the 1ay^-50: 
underlying and protectetflby the se6d layer ^ remains 
conductive/semicbnduetlVe - and — ^ uroxidized-v. while 
exposed portions of ^th^ intermediare layfer 50 are oxi- 
dized to form'an exclusioi>r6gi^^ protection layer 50a in: so 
FIG. 6/ - '■ ■ ' ^•-^■y^-' ^- '^---r ;. -nV-.. v^j-. 

FIG. 7 illustrates that the wafers 12 fe theft.exposed 
to' a liquid eled:rdplatirig envifohm^^rit In an electroplat- 
ing cHanrrbVr which ate aivaitable ih'tHeart viaSBmatooi. 
The copper (Gu) electro^fatihg environment wilf r^sult^in. 55 
cbpper'^adheVihg to the seed ^ayer 52 whereihrio cojDper 
or a negligible amount of cbpjDef^ wlll be electroplated on 
the surface' oxide 50a in the exclusion region 20 of FIG: 



7. Electroplating continues to occur from the seed layer 
52 and continues to be prevented on the oxide 50a until 
a thick copper interconnect layer 54 is formed as illus- 
trated in FIG. 7. This copper interconnect and any con- 
ductive layer :taught herein may be chemically 
mechanically polished (CMP) in order to improve 
planarity or form dual in- lain contact structures (see 
FIG. 8). Notice that no copper electroplating or a negli- 
gible amount. of copper electroplating occurs over the 
oxide 50a in the. exclusion region 20. Therefore, unlike 
the prior art illustrated in FIGs. 1-2 herein, no copper 
material 52 or 54 is directly, in contact with any barrier 
TiNmaterial 48. Therefor, no peeling orcdelamination 19 
as illustrated in FIG. 2 will occur for the y^^fer illustrated 
in FIG. 7 whereby partcle contamination is reduced and 
integrated circuit (JC> die yiekt is Jrjprov^- . 

FIG. 8 illustrates a magnified central portion of FIG. 
3 as defined in the drawings. FIG. 8 dearly illustrates 
the wafer silicon substrate 12 of FIG. 3. Active devices, 
such as the transistor clearly illustrated in F\G- 8, are 
formed overlying the semiconductor substrate 12. Th 
trartsistor of FIG. 8 contains source and drain elec- 
trodes 44 separated by a channeLregion in the sub- 
strate 12.. The transistor is isolated from other devices 
via fiekJ oxide regior;(S> 46 or like isolation -structures 
such as dielectric-filled trenches, A gate oxide 42 is 
illustrated in FIQ. 8 along with an overlying gate elec- 
trode 40. The gate electrode 4a is typically formed from 
polysificon or amorphous silicon .doped to a predeter- 
mined level. : . 

lAn inter rievel dielectric (ILD) 36 is then formed from 
one or more Qf TEGS and/or borophosphosilicate glass 
(B^SG). Contacts are lithographically patterned and 
etched^through; the ILD 36. to form tungsten (W) plugs 
38.as illustrated in FIG. 8. Tungsten plugs typical com- 
prise barriers similar to that taught herein for-dual-inlaid 
coppercStructure$. A second level of processing is used 
tOrform tungsten (w) plygs,34 as well as a second inter- 
leveLdielectric layer 3?,as illustrated in FIG. 8, After for- 
mation, of the tungsten plugs 34 and the ILD 32, the 
processing of FIGs.::3-7 commerices as previously 
desci;it)ed.v ■ v. -- - 

- :As fully discussed in FjGs. 3-7, the layers 26, 28, 
30, 48,;50, 52, artd 54 are formed as illustrated in FIGs. 
3-7 to. complete, the \Q 14 illustrated in part by FIG. 8. 
Note, that the = layer 52 ar;id , the layer 54 are preferably 
formed from the. same- copper rnaterial. Therefore, it will 
be difficult to discriminate the boundary betvyeen the 
layer 52 and the layer 54 in the final device: Therefore, 
the.composite of .52 and 54 is simply referred to as 
region.54 in FIG. 8. Furthermore; a chemical mechani- 
cal processing (CMP) operation is utilized in order to 
polish upper portions of the layer j54 to result in dual in- 
laid contacts as illustrated in FIG. .8. Note that.FiG. 8 
illustrates thatthe contact portions comprise the barrier 
48; the interm^iate conductive layer portion. 5Q,: and 
the copper interconcvect 62.and 54. As previously^^pted, 
the very thin, optionally.doped, and conductive layjer. 50 ^ 
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will not adversely affect the contact resistance of the 
dual in-laid structures of FIG. 8. While not affecting 
resistance, the dual in-takj structure of FIG. 8 is 
improved over the contact structure formed via the proc- 
ess of FlGs. 1 and 2 due to improved prevention of cop- 5 
per electroplating within the edge exclusion region 20. 

Although the invention has been described and 
illustrated with reference to specific embodiments, it is 
not intended that the invention be limited to those illus- 
trative embodiments. Those skilled in the art will recog- 10 
nize that modifications and variations may be made 
without departing from the spirrt and scope of the inven^ 
tion. For example, additional barrier layers other than 
layers 48 and 50 can be placed wrthin a dual in-laid con- 
tact opening before the copper is formed. Therefore, it is is 
intended that this invention encompass all tfie variations 
and modifications as fall within 'tiie" scope ' of the " 
appended claims. 

Claims 20 

1. A method for making a metal layer (54, 52, 50. 48) 
on a surface of a substrate (12), the method com- 
prising the steps of: 

25 

providing the substrate having and edge our 

face portion arxJ a central surface portion: 
forming a metallic layer (48) overlying a surface 
of the substrate, the metallic layer^'overlying 
both the edge surface portion (20), and the cen- 3q 
tral surface portion of the substrate; 
forming an intermediate layer (50) overlying the 
metallic layer; 

depositing a seed layer (54) overlying the inter- 
mediate layer wherein the, seed r!ayer Qvar|ies ,..?5^ 
the central surface portion but does not overly 
the edge surface portion whereby a portion of 
the intermediate layer in the edge surface por- 
tion is exposed to form an exposed intermedi- 
ate layer portion; and 40 
electroplating a metallic region (54) from the 
seed layer wherein the exposed intermediate 
layer portion (50a) prevents electroplattng 
within the edge surface portion of the sub- . 
strate. 45 

2. The method of claim 1 wherein the step of forming - > 
the intermediate layer further comprises: t;-. , 

oxidizing the exposed intermediate layer por- so 
tion by exposure to an ambient environment 

..containing oxygen,., ^ 

3. The method of claim 1 wherein the step of forming ' 
the intermediate layer further comprises: ss 

forming the intermediate layer as a layer of sili- 
con. 



4. The method of claim 1 wh rein the step of forming 
the metallic layer further comprises: 

forming the metallic layer as a layer of TiN. 

5. The method of claim 1 wherein the step of electro- 
plating the metallic region further comprises: 

electroplating copper to form an electrical inter- 
connect comprising copper. 

6. The rhethbd of claim 1 wherein the step of forming 
the Intermediate, layer further comprises: 

exposing the metallic layer to a silicon source 
which is energized by a plasma whereby the 
' " > i^itermi^iate layer is formed as a thin silicon 
layer which reacts with the metallic layer to 

>^ "J fbrrhja siUbide region. 

7. The rhethod of claim 1 wherein the step of forming 
the intermediate layer further comprises: 

exposing the metallic layer to a silane gas 
which is energized by a plasma. 

8. The method of claim 1 wherein the step of forming 
the intermediate layer.fgrther comprises: 

, forrnijig the -intermediate layer as a layer of 

- material which is less than 20 angstroms in 
thickriess; s 

9. The method of claim 1 wherein the step of forming 
Jfrie intermediate layer further comprises: 

^fprrning the intermediate layer via exposure to 
"^i . a sjlan^ pfcsma operating with a substrate tem- 
' ^ : perat^Ve of less than ASO^C. a chamtjer pres- 
sure' of roughly 100 mTorr to 3 Torr, and a 
silane flow of roughly 1 com to 100 ccm. 

10. The method of claim 1 wherein the step of forming 
the intermediate layer further comprises: 

forming the intermediate layer insitu with the 
. v seed layer without breaking vacuunri in order to 
I avoid oxidation of intermediate layer portions 
I - \. which directiy underlie the seea layer. ; 



6 



BNSDOCID: <EP 0878834A2 I > 



EPp878 834A2 




EP 0 878 834 A2 




(19) 



J 



(12) 



Europdisches Patentamt 
European Patent Office 

Off ice europ6en des brevets (11) EP 0 878 834 A3 

EUROPEAN PATENT APPLICATION 



(88) Date of publication A3: 

01 .1 2.1 999 Bulletin 1 999/48 

(43) Date of publication A2: 

iai1.1998 Bulletin 1998/47 

(21) Application number: 98108418.9 

(22) Date of filing: 08.05.1998 



(51) Int. Cl.«: HOI L 21/288. H01L 21/768 



CO 
< 

CO 
00 

oo 

00 



(84) Designated Contracting States: 

AT BE OH CY DE DK ES R FR GB GR IE IT LI LU 
MC NL PT SE 

Designated Extension States: 
ALLTLVMKROSI 

(30) Priority: 12.05.1997 US 854735 

(71) Applicant: MOTOROLA, INC. 
Schaumburg, IL 60196 (US) 



(72) Inventor: Jain, Ajay 

Austin, Texas 78739 (US) 

(74) Representative: 

Williamson, Simeon et al 
Motorola European Intellectual 
Property Operations 
Midpoint 
Alencon Linic 

Basingstoke, Hampshire RG21 7PL (GB) 



(54) A method for preventing electroplanting of copper on an exposed surface at the edge 
exclusion of a semiconductor wafer 



(57) A method tor forming a copper interconnect 
(54) begins by depositing a barrier layer (48). An inter- 
mediate layer (50) is formed over the barrier layer (48) 
by exposing the barrier layer (48) to a plasma silane 
environment. The layer (50) is conductive when depos- 
ited so that contact resistance is not affected. The 
layer(50) is insitu covered with a copper seed layer (52). 
The layer (52) is not formed in an edge exclusion region 
(20) thereby exposing a portion (50a) of the layer (50). 



This portion (50a) will natively oxidize in a room ambient 
to form a copper electroplating preventton barrier 
whereby copper wilt not electroplate in the region (20). 
Therefore, the region (50a) prevents barrier-to-copper 
interfaces to avoid delamination of the copper while pre- 
serving the edge exclusion region desired for copper 
electroplating. 



50a 




Q. 



Primed by Xerox (UK) Business Services 
2 16.7/3,6 



EP 0 878 834 A3 



J 



European Pat nl 
Office 



EUROiPEAM SEARCH RiEPORT 



Application Number 

EP 98 10 8418 



DOCUMENTS CONSIDERED TO BE RELEVAhlT 



Category 



Citation of document with indication, where appropriate. 
of relevant passages 



Relevant 
to dalm 



CLASSIFICATION OF THE 
APPLICATION (lnt.CI.6) 



OE 20 59 333 A ( MOTOROLA" INC ) 
9 June 1971 (1971-06-09) 

* page 3, line 1 - page 5, llTie 28; 
figures 1-5 * ' i - 

US 5 316 974' A (CRANK SUE E) 

31 May 1994 (1994-05-31) • • : 

* column 2, line 60 - column 4, 1 tne 25; ■ 
figures; 2A-2F ♦ ^ : 

US & 342 806 A (ASAHINA MICHIO) 

30 August 1994 (1994-68^30) - 

♦column 6, line 10 -columnilO, line 53 * 

US 5 443 995 A (NULMAN JAIH) ^ ■ - 

tZ August 1995 (1995-08-22) 

* column 1, line 39 - column 2, line 39; 
figures lA-lF * 

US 4 500 394 A (RIZZO JOHN S) 
19 February 1985 (1985-02-19) 

* column 6, line 11 - column 7, line 14; 
figure 2 * 



1.2,4.5 
8,10 



1,2.4,5, 
8,10 



H01L21/288 
H01L21/768 



1.4.5 



1,3 



TECHNICAL RELOS 
SEARCHED (lnt.CU9) 



HOIL 



The present search report has been drawn up for all claims 



S 
I 

3 

i 

2 



Piac* or scact) 

MUNICH 



Oat* ot connptoiion of th« SAaich 

8 October 1999 



Boettlcher, H 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant II taken alone 

Y : particularly retevant tf combinod with arwther 

clocument of the aame category 
A : technological background 

O : noh-wntten disciosure — - ■ 

P : intermediate document 



T : theory or principle undertylng the invention 
E : earlier patent document, but published on, or 

after the filing data 
D : document cited In the application 
L : document dted tor other rea«or» 

&,;.monnbor of the eame patent tamiiy, corresponding 
document 



2 



J- 



EP 0 878 834 A3 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATIOfU NO. 



EP 98 10 8418 



This annex lists the patent family members relating to the patent documents cited in the above-menfloned European search report. 

The memtjers are as contained in the European Patent Office EDP me on , . , . 

The European Pntent Office is in no way liable (or these particulars which are merely given for the purpose ot information. 

. ' . 08-10-1999 



Patent document ' ; 
cited in search reoort 


Publication 
date 


Patent family 
memDer(s) 


. Publication 
. date 


DE 2059333 


A 


09-06-1971 


JP 
NL 


500014(51 
7017483 


B 
A 


18--.01rl975 
07-06-1971 


US 5316974 


A 


31-05-1994 


NONE 








US 5342806 


A 


30-08-1994 


JP 
JP 


2000341 
2552159 


A 
B 


05- 01-1990 

06- 11-1996 


US 5443995 


A 


22-08-1995 


us"- 


5747360 
5904562 


A 
A 


05-05-1998 
. 18-05-1999 


US 4500394 


A 


19-02-1985 


NONE 


1 ■ ■ 







*} ? " ..* '■ 



% For more-detaite about ttiis annex.;.3ee Otftcial Joumal.oi the European Patent Office. No. 12/82 



BNSDOCID; <EP 087e834A3 I > 



THIS PAGE BLANK (uspto) 



